Introduction
Naphthalene metabolism by microorganisms has been studied extensively [1] [2] [3] [4] [5] [6] over the last 20 years. A metabolic pathway for the degradation of naphthalene was postulated [I ,6] and later amended when the structure of the 1,2-dihydroxy-1,2-dihydronaphthalene (DHD) intermediate was demonstrated to have a cis configuration [7, 8] . The mutant strain of Pseudomonas putida 119, which was found capable of accumulating this cis-DHD intermediate [8] , has been used to develop a fermentation process for production of this material in batch flask culture. The process, described in this paper, involves growing the mutant on a suitable carbon source (i.e., glucose) in the presence of naphthalene and salicylic acid as the latter has been reported to induce naphthalene metabolism in species of Pseudomonas [9, 10] .
Materials and Methods

Organism
Strain 119 of Pseudomonas putida was provided by D.T. Gibson of the University of Texas, Austin. This mutant strain lacks the activity of cis-naphthalene dihydrodiol dehydrogenase [ 11 ] and cannot grow on naphthalene as a sole source of carbon and energy.
Assay
This microbial production ofcis-DHD was followed by measuring absorbance on a Coleman Model No. 55 single beam spectrophotometer at the wavelength of maximum extinction for DHD (262 nm). The concentration of DHD in the culture broth was calculated as the product of (1) the difference between the absorbance (262 nm) of a culture broth before and after acidification with 6 N HC1, (2) a dilution factor, (3) a conversion factor for the dehydration of DHD to naphthol, and (4) a ratio of the molecular weight and extinction coefficient of DHD. The formula below was devised for this study. 
Growth medium
To 1 I of distilled water were added: NaH2PO4 H20, 3.86 g; Na2HPO4 • 7H20, 10.22 g; (NH4)2SO4, 2 g; KC1, 0.05 g; MgSO4, 0.05 g; FeSO4, 0.1 mg; MnC12 2H20, 0.5 mg; CaC12, 27.5 mg. The following were sterilized by autoclaving and added separately to the growth medium: glucose, 5 g; naphthalene, 2 g; and sodium salicylate, 0.2 g.
4. Cell growth
Growth of the culture was estimated by (1) measuring light scattering of culture broth samples at 525 nm on a Coleman Model No. 55 single beam spectrophotometer and (2) by determining dry cell weights.
Culture conditions 2.5.1. Inoculum source
Pseudomonas putida strain I 19 was stored in liquid nitrogen and was routinely sub-cultured to glucose minimal agar plates. Isolated colonies from these plates were used as inocula for shake flask studies. Plate cultures were used as an inoculum source for as long as 1 week.
Batch flask technique
Pseudomonas putida strain 119 was aseptically introduced into sterile 500 ml erlenmeyer flasks containing 100 ml of glucose minimal medium (less naphthalene), supplemented with 0.2 g/1 of sodium salicylate as inducer. The flask and contents were incubated on a rotary shaker at 30°C with a speed of 200 rev./min for 12-24 h. The induced cells were washed 3 times, resuspended in physiological saline and added to identical flasks to bring the initial absorbance to about 0.2 (525 nm). These shake flasks contained 2.0 g/1 naphthalene in addition to the nutrients described above. The flask and contents were incubated on a rotary shaker at 30°C for 12-24 h. Samples were removed periodically for assaying growth and DHD production.
Results
As reported elsewhere, several cultures of Pseudomonas, when grown on a succinate minimal medium, did not contain naphthalene-metabolizing enzymes in absence of an inducer [9, 10] . In our studies, P. putida 119 was grown in media containing one of several carbon sources, an inducer (salicylic acid), and naphthalene. Routinely, in cultures grown as described (Fig. 1) , both DHD production and growth were logarithmic for a period depending on the amount and type of carbon source employed. As the culture approached stationary phase, DHD production was affected differently depending on the carbon source. The specific activity of DHD production stopped or slowed dramatically during this growth phase when glucose (0.5%) was used. In cells grown on 0.5% gluconate as the carbon source, the DHD specific activity continued to increase for most of the stationary phase resulting in a greater total DHD production. This also occurred when cells were grown in 0.5% corn syrup medium (containing 0.2% glucose). In this medium, only the glucose was metabolized for growth as the higher molecular weight corn syrup constitutents (e.g. maltose) are not utilizable by this Pseudomonas species. These data led us to suspect that reduced DHD production during stationary phase may relate to the high glucose concentration used. This glucose effect was demonstrated in a flask experiment containing media with five different glucose concentrations (Fig. 2) . The specific activity of DHD production was found to vary inversely with glucose concentration used in the media. The highest specific activity (2.2 g DHD/1/absorbance unit) was demon- strated by P. putida 119 grown in 0.05% glucosecontaining media. This represented nearly a ten-fold increase in that activity over those cells grown in media containing 0.5% glucose as carbon source.
Discussion
These data indicate that induced naphthalene metabolism in this strain of Pseudomonas is sensitive to the level of glucose in the growth medium. When cells are grown in media containing glucose concentrations above 0.5%, induced DHD production from naphthalene was slowed dramatically in the stationary growth phase. As the initial glucose concentration in the medium was lowered, the DHD productivity per cell 199 increased during the stationary growth phase. Since gluconate and glucose are metabolized by the same metabolic routes, one might have anticipated them having similar effects on naphthalene metabolism by P. putida 119. However, cells grown in 0.5% gluconate did not slow DHD production during the stationary growth phase as nearly effectively as equal amounts of glucose. A further examination of the effect of various gluconate concentrations on DHD productivity is necessary for further evaluation. As inducer and naphthalene concentration were not varied during these studies, their relation to DHD productivity is unknown.
